Low back disorders have been quantified using pain, disability, and physical impairment measures. 1 However, according to Waddell, 1 physical impairment measures provide the only objective measure of low back pain (LBP). An accurate measure of functional impairment may provide a method to quantify the extent of a low back disorder as well as gauge progress during recovery. 2 A good physical impairment measure should be standardized, 1 reproducible, and have good sensitivity and specificity. 3 In addition, physical impairment measures need to have clinically meaningful change values defined in order to help clinicians interpret the physical impairment measure.
A physical impairment measure has been developed to directly quantify the extent of low back impairment.
2,4 -6
The technique used the lumbar motion monitor (LMM), which was worn by the patient or subject, to measure trunk kinematics (range of motion, velocity, and acceleration) in 3 dimensions. 7 Over 700 healthy controls and low back disorder patients have participated in studies to develop the database used to quantify the extent of impairment. The results of the functional evaluation produced a functional performance probability (P(n)), a score that can vary from 0.0 to 1.0. The P(n) score less than 0.5 indicates the person has impaired functional performance for his or her age and gender whereas a score greater than 0.5 indicates the individuals low back function was healthy for his or her age and gender. P(n) has been referred to as probability of normal in earlier articles. 2,4 -6 The P(n) score has been shown to a have a sensitivity of 90% and specificity of 94%. 6 Thus, the P(n) distinguished well between healthy and low back disorder patient function. However, a meaningful change in the P(n) has not been defined.
The issue of meaningful change or minimal important change in health scores has been in the published data for decades, not only in low back published issues but other health issues. 8, 9 Recently, Ostelo et al 10 reviewed the published issues on LBP questionnaire score and stated there were no agreed on scientific grounds for determining a minimal important or meaningful change. Crosby et al 11 reviewed different statistical approaches for establishing a minimum important change score including anchor and distribution based approaches. The Crosby et al 11 review illustrated how easy it was to become bogged down in the statistical minutia and loose sight of the practical issue of determining a change criterion. Furthermore, a statistical change might not indicate a clinically meaningful change in an outcome measure. 12 Thus, the goal of this study was to identify a meaningful change score that can be used to identify meaningful functional improvement in future studies. Three objectives were developed to achieve the goal of this article. The first objective was to determine the reproducibility of the P(n) score in a healthy population. Second, determine a meaningful change in P(n) based on the expected variability of the healthy population. The third objective was to evaluate the definition of meaningful change in P(n) in a patient population. These objectives should establish a clinically meaningful change in P(n) that can be used in future studies as well as by clinicians to define improvement or degradation in low back functional performance.
Materials and Methods
Two experiments were conducted to achieve the objectives of the study. First, an asymptomatic repeatability study was conducted. The participant's low back function was tested 5 times at 1 week intervals. The inclusion criterion for the asymptomatic study was no history of LBP. Second, study was conducted on a patient with LBP. Acute patients with LBP were tested every 2 weeks for 3 months for a total of 6 visits. Acute LBP was defined as an on set of symptoms within the past 3 months. Inclusion criterion for patients with LBP was local LBP symptoms. Exclusion criterion was radicular pain symptoms below the knee without motor or sensory loss. Patients were retrospectively placed into 2 groups either recovering or nonrecovering at the end of the study.
Subjects
In the asymptomatic study 20 subjects participated, 10 males and 10 females. In the LBP study there were 26 patients. The inclusion criterion for the recovering group in the study was that patients be recovered on P(n) (Ͼ0.5) and symptoms. The inclusion criterion for the nonrecovering group was that patients have P(n) less than 0.5 and have symptoms at 3 months. Eight patients were retrospectively placed in the nonrecovering group and 18 were placed in the recovered. The exclusion criterion for patients was recovery of only 1 outcome measure. All participants signed a university consent form before participation. Descriptive characteristics for the patient and asymptomatic study participants have been listed in Table 1 .
Equipment
The LMM was used to evaluate trunk kinematics. The LMM measured position, velocity, and acceleration in all 3 planes of the body and has been previously validated. 7 The LMM was attached to the person using orthoplast. A laptop computer was used for data collection and storage as well as the display of the twisting position.
Experimental Design
Both the asymptomatic study and patient with LBP study were repeated measure designs. The asymptomatic controls were tested 5 times at 1-week intervals and at the same time of day.
The patients with LBP were tested every 2 weeks for 3 months for a total of 6 evaluations.
Self-Report LBP. Self-report of LBP status was measured using the McGill Pain Questionnaire.
13
Functional Performance. The functional performance protocol required the participant to control their twisting position while they flexed and extended their trunk as fast as they could comfortably.
2,4 -6,14 The controlled twisting positions were 0°, 15°clockwise and counterclockwise and 30°clockwise and counterclockwise. The order of clockwise and counterclockwise was counterbalanced by subject.
Procedure
All patients were screened at the first visit by an orthopedic surgeon (P.G.). Once approved for the study, the participants completed the functional performance evaluation and questionnaire. This procedure was repeated at each visit. In the case of asymptomatic group no questionnaire was completed. The LMM testing procedure required less than 30 minutes.
Data Analysis
Questionnaire. The McGill Pain Questionnaire present pain intensity score was scored to measure symptoms on a 0 to 5 scale. 13 Functional Performance Probability. The kinematic measures from the LMM were calculated with previously reported validated techniques. 7 The output included range of motion, velocity, and acceleration for all 3 planes. The data were normalized by age and gender. The P(n) calculation used 6 variables including ability to perform tasks, twisting range of motion, sagittal range of motion at zero, sagittal extension velocity at zero, sagittal extension acceleration at zero, and lateral range of motion at zero. The model generates a probability of the functional performance being in the asymptomatic group.
Statistical Analysis
Means and standard deviation were calculated across visits using SAS version 9.1. Further analysis of variance using the SAS proc mixed with a randomized blocks design was performed to examine significance of trial as well as quantify the within and between subject variance. Individual changes scores were evaluated for each subject by group.
Results
The asymptomatic population had an average P(n) above 0.9 at every visit as shown in Figure 1A . The average score ranged from 0.913 to 0.944 and the standard deviation range from 0.053 to 0.099. The average of all 5 standard deviations was 0.07. Doubling the standard deviation of 0.07 to 0.14 would incorporate 95% of all the data. It is hypothesized that a change of 0.14 or more in the P(n) represents a clinically meaningful change and would correctly identify 95% of cases as a meaningful change. The analysis of variance using randomized blocks with a fixed effect for trial and random subject effect indicated no significant difference across trials for the asymptomatic group (P value, 0.3797). The within and between subject variance was 0.0024 and 0.0027, respectively. The within subject standard deviation was approximately 0.05. The residual plots from the model exhibited a random distribution about zero characteristic of a normal distribution. Thus, the asymptomatic subjects were very stable in their performance from week to week.
The baseline average P(n) in the recovered patient group was 0.125 with a standard deviation of 0.17, as shown in Figure 1B . The recovered patient group had a final P(n) of 0.844 with a standard deviation of 0.11. The average change in P(n) between trials was 0.14.
The analysis of variance using randomized blocks with a fixed effect for recovered patients showed a significant trial effect with a P value of 0.0001 indicating statistical meaningful improvement between observation points. The within subject variance was 0.0197 and the between subject variance was 0.0255. The within subject standard deviation was 0.14 for recovered patients.
The nonrecovering LBP group had a baseline average P(n) of 0.010 with a standard deviation of 0.009 and a final average P(n) score of 0.199 with a standard deviation of 0.174, as illustrated in Figure 1B . The P(n) scores in the nonrecovering LBP group did show some improvement however, it does not reach the 0.5 necessary to be considered recovered. Also, the self reported symptoms listed in Table 1 indicated that these patients were experiencing mild symptoms after 3 months.
The randomized blocks analysis of variance also showed significant improvement between trials in the nonrecovering LBP group. The within subject variance was 0.0064 and the between subject variance was 0.0024. The within subject standard deviation was approximately 0.08.
Figures 2A-C examined the individual change scores instead of group means. In the asymptomatic group 90% of the population had no change score greater than 0.14. In the nonrecovering group 5 of 8 or 62% had no change scores greater than 0.14. Predominantly, these meaningful changes occurred between the last 2 visits. The recovered patients on the other hand all had at least one change score greater than 0.14 and 50% of the group had 2 change scores greater than 0.14. Table 2 examined the number of meaningful changes from visit to visit by group as well as the effect sizes from visit to visit by group. The most striking difference in the table was between the first 2 visits for the recovering and nonrecovering LBP groups. The recovering group had 11 of the 18 subjects with a meaningful change whereas the nonrecovering group had none of the 8 subjects with a meaningful change. The nonrecovering group had all the meaningful changes between visit 4 and 6 whereas the recovering group had 23 of the 37 meaningful changes occur in the first 3 visits. Table 2 showed that in the asymptomatic group 2 subjects had a meaningful change between visits 1 and 2 and 1 subject had a meaningful change between visits 2 and 3. Even with these individual cases the effect sizes between visit 1 and 2 as well as visits 2 and 3 were quite small 0.02 and 0.01, respectively. In all cases the P(n) score was greater than 0.5 for the asymptomatic group.
Discussion
The P(n) measure did not significantly change across visits in the healthy population. This indicates that the P(n) measure was reproducible in asymptomatic subjects. Thus, the first objective of the study to show that the P(n) measure was reproducible has been accomplished. Furthermore, P(n) meets all the criteria of a good physical measure, 1, 3 it has been standardized, reproducible, has high sensitivity and specificity. 6 The second objective of the study was to define a meaningful change in P(n). The meaningful change was set at 0.14 based on doubling the average standard deviation in the asymptomatic population. This technique of averaging the standard deviation across subjects and trial combines the within and between subject variation. Doubling the average standard deviation in the asymptomatic population includes 95% of the population based on a normal distribution. There have been no agreed on methods for determining a meaningful change. 10 The strength of defining a meaningful change Figure 2 . A, percentage of asymptomatic subjects by the number of changes in P(n) greater than 0.14. B, percentage of nonrecovering LBP patients by the number of changes in P(n) greater than 0.14. C, percentage of recovered LBP patients by the number of changes in P(n) greater than 0.14. in P(n) at 0.14 is that the risk of falsely indicating a meaningful change when none has decreased. The disadvantage of defining a meaningful change at 0.14 is that the chance of Type II error (false negative) might be increased, however, our analysis of the patient populations indicated this was not likely. The defined meaningful change of 0.14 in P(n) was evaluated with 2 patient populations. First, in a group of recovering patients with recovery defined retrospectively, patients showed significant P(n) improvement over time. The average P(n) change between visits in this group was 0.14. The within subject standard deviation between visits was 0.14. Examining the visit to visit changes illustrated in Figure 2B showed that all of the recovering patients had at least 1 visit to visit change greater than the defined meaningful change of 0.14. Clinically, these patients all had local LBP at their initial visit and all were symptom free at their final evaluation. This shows that the hypothesized meaningful change in functional performance probability corresponds to a reduction in LBP symptoms.
Second, in the nonrecovering LBP group there was a significant improvement in P(n) during the 3 months of recovery. However, the average change score between visits was 0.038, nearly 4 times smaller than the proposed meaningful change of 0.14. On an individual basis 5 of the 8 patients had no individual change score greater than 0.14, and the remaining 3 patients had only 1 change score greater than 0.14, threshold of meaningful change. Furthermore, the timing of these meaningful changes occurred after the fourth evaluation as shown in Table 2 . Clinically the symptoms in this group measured with the McGill Pain Questionnaire improved from 2.87 to 1.56 indicating the group had mild to discomforting pain symptoms at the end of the 3 months of evaluations. Thus, those patients with continued pain symptoms at the end of 3 months tend not to have meaningful change in P(n).
Beaton 15 discussed factors that affect the amount of change quantified in the responsiveness of a measure. Included in the factors listed by Beaton 15 was the patient population studied. This study illustrated the difference in within subject variation from the 3 different population's asymptomatic, recovering LBP, and nonrecovering LBP. Furthermore, this change in the within subject variability of the population may influence the definition of a meaningful change. The 0.14 definition of a meaningful change is equal to the within subject standard deviation in the recovered patients with LBP. The within subject standard deviation in asymptomatic group and nonrecovering LBP group were both smaller than the meaningful change definition. The recovering LBP group also had clinical improvement of being symptom free. Thus, it has been hypothesized that the defined 0.14 meaningful change might be conservative but truly represents a meaningful clinical change in low back function.
This was the first study to examine a meaningful change in an objective quantitative functional performance measure. There have been several studies examining meaningful change in LBP questionnaire scores. Ostelo et al 10 reviewed the published data on change scores using several low back questionnaires including the Oswestry Disability Index, Roland Morris Disability Questionnaire, and Quebec Pain Disability Questionnaire. The results of the review showed that questionnaires with scores ranging from 0 to 100 had a meaningful absolute change score between 10 to 20 points. The P(n) score in the current study also has a range of 100 points only on a difference scale from 0.00 to 1.00. Thus, the range of P(n) scores was similar to the questionnaires and the defined meaningful change score of 0.14 is within of absolute change scores from the questionnaires reviewed by Ostelo et al. 10 Ostelo et al 10 has pointed out that there are not agreed on scientific grounds or empirical methods for determining a meaningful change in a health outcome. Several researcher have indicated that it is easy to get caught up in the specifics of the statistical methods for defining a minimal important change. 8, 9, 11, 12 The goal of the study was to define a meaningful P(n) change that is indicative of a significant change in function. Future studies are needed to confirm the findings of this study which defines a meaningful change in P(n) at 0.14. In addition, functional performance probability already has a cut-off of 0.5 below which performance is impaired and above which performance is considered healthy. The meaningful change score defined in the study may be used alone or in conjunction with 0.5 anchor based cut-off. If we can identify individuals with deteriorating functional performance from 0.85 to 0.70 it might be possible to prevent a costly low back injury, while an individuals low back function does not fall into the impaired category. Figure 1B illustrated that the recovered patients with LBP on average had a functional performance probability of 0.84 indicating there was some residual loss in performance. Ferguson et al 14 found that based on functional performance probability in a group of acute patients with LBP only 68% of the population was recovered. Schiottz-Christensen et al 16 in a 1-year prospective study found that 2% of acute patients with LBP were still on sick leave at a 1-year follow-up, however, 45% of patients continued to have LBP symptoms. Henschke et al 17 found that 72% of participants had fully recovered after 12 months. Measuring the functional performance probability over time would provide a direct objective measurement of functional impairment throughout the recovery process. It would also quantify the degree of degradation from a relapse or exacerbation.
Limitation
A limitation of the study was the modest sample sizes in the 3 groups. In addition, the starting point of impairment was not considered in defining these functional changes only the differences. None the less, we think that these functional findings provided compelling evidence for defining a meaningful change in functional status.
Key Points
• An objective quantitative low back functional performance (P(n)) measure has been developed.
• Based on the variability in an asymptomatic group, a meaningful change in P(n) has been defined as 0.14.
• In a group of recovering patients with LBP, all patients had at least 1 visit to visit change greater than 0.14.
